Lanka is the bus. Most of these busses used for the passenger transportation do not have proper vibration dampers and passengers who travel in them are subjected to severe vibration levels as most of the time they are travelling standing up rather than sitting down on comfortable seats. Sever vibration levels produced by the engines of the busses and the poor road conditions in Sri Lanka are directly transfer to the passengers due to poor vibration damping of the busses. This paper discusses the vibration levels that the passengers travelling in Sri Lankan busses encounter by using accelerometers and the mechanical modelling of the passenger whole body vibrations. A new model is put forward to account for the nonlinear effects. Also the paper compares the passenger vibration levels with the international standards for safer passenger vibration levels (ISO2631). First part of the paper discusses the power spectral densities of the vibrations generated in the busses and also transferring from the road on to different locations of the busses where the passengers are normally travelling. Also the paper further discusses improved lumped parameter based mechanical dynamics model for standing up travelers subjected these vibrations, catering for the nonlinear effects by using additional viscous springs and dampers. Final part of the paper discusses the effectiveness of the use of commonly available elastic soles, elastic insert pads or elastic slippers foot ware to reduce the harmful vibrational effects of frequent travelers.
Introduction
There are many public transport service modes in Sri Lanka. Busses, trains, cars, motor bikes, bicycles, motor bikes and three wheelers are some of the commonly used passenger travelling modes in Sri Lanka [1, 2] . Out of them busses are the most commonly used transport mode in Sri Lanka [1, 2] . Figure 1 .0a shows a typical Sri Lankan bus. The bus mode of transportation is popular due to their availability, and economical ticket prices. However their construction is very robust and uncomfortable. These busses consist of lorry engines and chassis covered by a metal frame with seats without proper dampers or vibration absorbers for the dynamic variations. Figure 1 .0b shows that only leaf spring dampers are available for damping the road vibrations from the tires. In addition, they are powered with very high power diesel engines that produce wider frequency bandwidth of high intense vibrations which are not also properly damped. Due to the poor maintenance most of these busses engines are in poor operational conditions emitting unburnt diesel and carbon particles into the atmosphere together with acoustic noise pollution. Moreover due to the uneven roads and the congested traffic conditions in Sri Lanka the passengers have to bare additional burden of vibrations and spent additional time on such a hostile environment during their daily commutes.
Usually school children, working class people and elderly people who are travelling in these busses undergoes very harsh conditions with respect to mechanical whole body vibrations during their daily commutes. On average regular passenger stay inside these busses under harsh conditions for 1 hour and 45minutes in their daily commutes [1] . Even though for non-regular passengers 1 hour and 45minutes of undergoing these vibrations are tolerable as they can rest and recover, but for daily frequent travelers especially for the school children and the elderly these conditions in addition to the short term uncomfortability, could contribute to long term health issues [3] . In addition bus drivers and the conductors are working 12 to 16 hours minimum shift per day I Sri Lanka and they are also vulnerable to have a higher dosage of vibrational energy exposures.
According to the international passenger and vibration standards [3] , the maximum amount of allowable vibrations levels that the human body can tolerate depends on the location, direction of the vibration, frequency, age, duration of the vibration, posture mode (sitting or standing) and also the rest duration between vibration levels. Also according to ISO2631-1, ISO2631-4, ISO2631-5 frequencies from 0.1Hz to 0.5Hz results in motion sickness and Frequencies from 0.5 to 80Hz are transmitted from seat to the body of the seated. Higher Frequency health effects from 80Hz to 1kHz are not known due to non-availability. In addition these standards do not specify the health effects of the standing up or recumbent positions due to non-availability of data. In Sri Lanka most of the passengers are travelling standing up during the rush hours. Moreover under seated conditions according to the these standards long term high intensity whole body vibrations indicates an increased health risk to lumbar spine and the connected nervous system of the segments affected. This may trigger by the not only the vertical accelerations but also the horizontal and torsional components. Also contribute strongly to the degenerative processes in the lumbar segments such as spondylosys deformance, osteochondrosis intervertebralis and arthrosis deformance [3] .Not only the whole body vibration effects the bones and the joints they also assumed to be effecting the digestive system, the genitals-urinary system and the female reproductive systems. In general according to the standard it takes several years for health changes caused by the whole body vibration to occur and therefore it is important not to be exposed for high intense whole body vibrations regularly for long durations of time. Moreover the stands specifies the discomfort levels at sitting conditions for different acceleration levels where great than 2ms -2 is consider to be extremely uncomfortable however this may be different for Sri Lankan bus passengers. Even though according to the ISO2631-1, Figure 2 .0 shows the maximum vibration tolerable levels and caution zones for a given exposure duration. The detailed health effects are not known for lover vibration levels as clear documented data are not available. Above the caution zone the health risks are very likely to happen. Average person daily vibration exposures are measured by using either vibration exposure dosage value (VDV) given in equation (1). or  Where is the resultant weighted acceleration and T is the time of exposure.
However, the data of these standards were taken with the Caucasians who are stronger built and hence more vibration tolerable than the South Asians such as Sri Lankans. In Sri Lanka such standards have not been developed so far. Depending on the body structure, nutrition levels, bone constituents and bone structure, regular South Asian the maximum tolerable values may be lower than the values given in the international standards [3] . In addition, these standards clearly indicate proper resting is required for the body and the bones to recover and remodeled themselves after undergoing severe whole body vibration exposure. Also if the proper resting or remodeling of the bones does not happen, it could leads to aggravation and propagation of the micro cracks and could even results in bone fatigue (depend on the strain and strain frequencies) and cartilage damages [3, 4, 5] . In addition to the health effects other adverse side effects results in exposure to a high dosage of whole body vibrations are decreased performance levels, temporary threshold shifts, reduce motion control, impaired vision, discomfort and fatigue decreased job proficiency.
Usually passengers travel either sitting or standing up and during this research we have measured the vibrations of the passengers at three locations front, middle and back while sitting and standing up at each location shown in Figure 1 .0). In addition, the standing and sitting passengers were asked to wear either normal shoes or elastic slippers and the vibrations were measured under each condition and compared with the standards [3] permissible chart at Figure  2 .0. Most of the research work on passenger whole body vibrations have been done with trains, tractors, metros, cars, coaches [8, 9, 10, 11, 12] , and some simulation work was carried out under sitting conditions [24] . Our paper discusses the whole body vibration of passengers travelling in Sri Lankan public busses under standing and sitting conditions, with and without wearing commonly used rubber slippers. 
II. Mechanical Vibrations of Buses
The diesel engines of the busses produce large amplitudes of vibrations over wider frequency band width. In addition, under poor road conditions the vibration spectrum gets modulated with the road conditions induced vibrations and due to the traffic conditions on the roads sudden jerks produce additional power spectral components into this vibration spectrum. Most busses have the leaf spring type shock absorbers but not liquid damping that can absorb the jerks and the speed variations. Also the tires do not damp out the road vibrations and neither transfer most of the engine vibrations on to the road. The vibrational power spectrum from the engine to the body of the bus depends on the RPM of the engine and the coupling between the engine and the transmission and the engine and the body. The vibrations generated between the road and the bus depend on the road conditions and the velocity, acceleration, the jerk of the bus and the coupling between the road and the tires.
III. Mechanical Vibrations Measurement Method
We have used accelerometers connected at front, middle and the back to the floor as shown in the Figure 3 .0 to measure the floor vibrations. The acceleration data is logged in quasi real time by using a tri-axial accelerometers DAQ and computer (Figure 4 .0). We have put tri-axial accelerometers on the floor, shank and thigh of a person as shown in the Figure 3 .0 to measure the transfer of vibrational energy from the floor to the shank and then to the thigh and the above segments. The measurements were taken at three locations front, middle and back of the bus while standing up and, seated with shoes and with elastic slippers respectively. In addition, three different body shapes of young adults were selected with three different body mass indexes (BMI) 18, 25 and 30 respectively for the experiment. The captured quasi real time data are then converted into frequency domain by using Discrete Fourier Transformation (DFT) then the power spectrum of the accelerations were obtained. The data is taken from three busses travelling on the same terrain and the average power spectrum was obtained. The Figure 5 .0 shows the typical seating arrangement of the driver. Most of the mechanical vibrational effects transferred on to the structure of the bus, then on to the passengers who are travelling inside and also into the surrounding air. 
IV. Transmission and Absorption of the Mechanical Vibrations by Human Tissues
During this study except the vibrations from the bus, other self-generated movements of the passengers are not considered. The acceleration readings were taken by using tri-axial accelerometers when a passenger was sitting down or standing up as shown in the Figure 3 .0. When the vibrations occur on the floor of the buss the vibrational energy get transferred into the tissues of the passengers and some of them get absorbed into the tissues and the rest makes the tissue vibrations [6] . The part absorbed into the tissue results developing and aggravating micro cracks in the bones [3, 4, 5] ,tissue plastic deformations and heat due to friction. Proper resting is required to get back to the original stage of the tissue [3, 4, 5] . The permissible level of exposure depend upon the frequency values and the Figure 6 .0 shows the vertical permissible exposure durations with different frequencies of exposure. Negligence of these levels of the whole body vibrations could results in fatigue decreased job proficiency. However with this respect standing passengers context, data are not available. Human tissue orientations are complex nonlinear continuum materials arrangements with anisotropic properties. different tissue types such as skin, muscles, tendons, ligaments, fats and bones connects interacts to make dynamic mechanical system.
I. Lump Parameters based Mechanical Dynamics Modelling of Human Body
Two mathematical models were used to analyses the dynamics of the whole body vibrations of passengers understanding and sitting conditions. We have used linear masses, springs and dampers model to model the vibration transfer from the floor to shank then to the thigh of the standing up and sitting down passengers. Similar to mass spring model put forward by Rasmussen et al [7] shown in Figure 7 .0. We also introduced additional stiffness coefficient and a viscous damping coefficient between the Thigh and above segments and the foot in order to absorb the nonlinear effects (Figure 9 .0). We have adopted Figur 9.0 model to analyze the vibration transmission that depends on the Frequency [6] sown in Figure 8 .0a and Figure 8 .0b. It is understood that human body parts and tissues have different vibrational frequencies and as the vibrations comes into the body the transmissibility depend on the frequency (Figure 8.0) . Figure 8 .0a shows transmissibility of vertical vibration from table to various parts of the body of a standing human subject as a function of frequency (from Mechanical Vibration and Shock Measurements by Jens Trampe Broch ISBN 87 87355 34 5) . Figure 8 .0b shows transmissibility of vertical vibration from table to various parts of a seated human subject as a function of frequency (from Mechanical Vibration and Shock Measurements by Jens Trampe Broch ISBN 87 87355 34 5). We have used the following equation (2) in matrix form for the simulations and estimations of the forces.
(2) Where is the mass matrix is the displacement vector, is the velocity vector, is the acceleration vector, is the damping matrix and [K] is the stiffness matrix and {F} is the residual force. The system of equations can be solved in either time domain or the frequency domain. Since is not known it can be find by using inverse methods using the information. Hence the power spectral density can be obtained. Since three locations readings of accelerations were measured to find the model was reduced into 3 acceleration components taking from the thigh and above as a single mass shown in the Figure 9 .0. The velocity and the displacement found by using average acceleration method of integration [13] . The thigh and above sections mass effects are lumped to a single mass . Shank mass and the foot mass are taken as and .The linear viscous damping coefficient between i th ,j th masses is and the linear stiffness coefficient between i th ,j th masses is . Then viscous damping coefficient matrix [C], stiffness coefficients matrix [K] and the mass matrix [M] are given by the equation 3a,3b and 3c respectively. Then the resultant force on the i th mass is can be estimated with equation (4a). Also the total force (F) exerted on the body at the foot by the floor is estimated by using the equation (2). 
the values of the [C], [K] matrices were taken by considering the proportion masses and the body mass index(BMI) of the test subjects [21, 22, 23] . The mass matrix [M] is obtained by measuring the mass of the test subjects and obtaining the proportionate mass of the foot, shank and thigh and above sections [21, 22, 23] . The mass spring model is improved using additional stiffness coefficient and viscous damping coefficient between masses and to overcome the nonlinear effects.
(4a)
The estimated forces at the knee (Fk) and the ankle (Fa) are given by equations (4b) and (4c).
(4b) (4c) The resultant weighted average acceleration is estimated according to the ISO2631-1 standard by using the equation (6) .
(5) Where acceleration in r direction, weighting factor of the i th 3 rd octave octave band from table 3 and table  4 of the ISO2631-1 standard, is the r.m.s. acceleration of the i th 3 rd octave band (according to the standard). The resultant r.m.s. acceleration from all three x,y,z directions given by, (6) Where are multiplying factors. Figure 10 .0 a,b and c shows the averaged (all three busses) acceleration with respect to time and normalized acceleration power spectrums on the floor of the buses in the vertical direction at front, middle and back locations. The calculated resultant r.m.s. values of the whole body vibrational accelerations ( ) of a passenger at front, middle and back locations and the average vibration dose exposures or the vibration dosage values (VDV) are given in Table  1.0a under sitting and Table 1 .0b under standing up conditions without elastic slippers. Similarly the whole body vibrational accelerations ( )of a passenger at front, middle and back locations and the average vibration dose exposure are given in Table 2 .0a under sitting and Table 2 .0b under standing up conditions with elastic slippers. The exposure time is taken as 1.75hours for an average passenger.
II. Results and Measurements

III. Discussion and Conclusion
Even though ISO 2631 standards are good starting point much more comprehensive study needed to be carried out in order to understand the effects on health and other functions of the human body due to the whole body vibrations. In addition, this standard also does not provide any information on the whole body vibration effects on different age groups and gender differences as well.
We have observed exposure dosages (VDV) measurements above permissible levels of fatigue-decreased proficiency and also whole body acceleration values inside caution range and above the permissible levels for an average passenger travelling under sitting conditions in most commonly used Sri Lankan passenger busses. In addition we observed that the passengers who are travelling front and back locations of the buses are vulnerable to higher exposure dosages(VDVs) and whole body accelerations than the middle sections inside the busses. We have also observed that passengers who are travelling under standing conditions subjected to more severer conditions, irrespective of the inside location of the busses where the passenger is located at.
The effects of whole body vibration on bones [4, 16, 17, 18, 19, 20] are studied by various researchers and according these research the whole body vibrations results micro crack of the bones aggravation results in longer bone reformations, bone fatigue and long term bone health problems. Also research showed that long term exposure to whole body vibrations could results people with arthritis and other bone health issues to aggravate. Our results in tables 1 and 2 show that the whole body vibration of the passengers of the busses under standing conditions under goes sever exposure to harmful forces at their ankles, knees and the hips and for sitting passengers the pelvis, the spinal cord and the hip joint undergoes severe exposure to the harmful vibrational forces. Therefore, long term exposure can be really harmful for the bones of the regular passengers. We also observed that the estimated forces were reduced when wearing elastic slipper (compare table 1 and  table 2 ). In addition, the whole body vibration effects the nervous system of the passengers. Studies have been conducted to find out the effects of the nerve conduction velocity and the whole body vibration induced neuropathy [14, 15] . Our initial study showed that proper vibration reduction is needed inside Sri Lankan busses. In the meantime it would be a better choice to wear slippers, rubber shoe inserts and rubber pads for the frequent Proc. of the Eighth International Conference On Advances in Mechanical, Aeronautical and Production Techniques -MAPT 2018
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travelers, bus drivers and the conductors. Even though we observed a significant reduction in the whole body vibrations and the VDVs when wearing elastic slippers from the data gathered during this research. However the elastic slippers that we used could not bring the whole body vibrations down to the safer levels according to the ISO2631-1 standard. In addition it would be better to use properly designed rubber floor mats on the floor of the buses and improve the seat cushioning. Also more research work needed to be carried out on whole body vibration and the Standard ISO2631 needs improve. Our mechanical model is an approximation and in future we intended to develop better simulation models for standing passengers by using nonlinear energy based finite element dynamics methods.
